Quantitative microfocal radiographic assessment of osteophytes in osteoarthritic hands showed that their number and area were greatest at joint margins, in the dominant hand, in the second and third compared with fourth and fifth phalanges, in the third phalanx, and in the second distal interphalangeal joint respectively. These sites correspond with those for the largest forces exerted in the hand: the dominant side, the finger tripod used in the precision grip, power grip, and pulp-pinch respectively. The greater osteophytosis on the trapezium of the nondominant first carpometacarpal joint was probably related to forces exerted during power grip. Osteophytes increased significanty in number and area during the 18 month study period.
Osteophytes are the classic radiographic and pathological hallmark of oste6arthritis, but their role as the sole diagnostic marker of osteoarthritis is questioned' as they also correlate with age.2' The presence of osteophytes in most experimentally induced models of osteoarthritis, in many species of animals, however, supports the contention that osteophyte formation is a component of the osteoarthritic degenerative process. 5 In patients with osteoarthritis osteophyte size has been reported to increase with progressive structural disorganisation of their joints.4 6 In osteoarthritis of the hand osteophytes are characteristically seen in the distal and proximnl interphalangeal (DIP, PIP) joints. The incidence of osteophytes in these joints has been explained in terms of pinch v grasp actions of the hand. 7 Investigations have found that textile workers employed for at least 20 years in pinch operations were more prone to DIP joint degeneration than winders, whose actions and osteophyte formation affected the wrist.8 9 It was suggested that the mechanical hypothesis is not always consistent as the first carpometacarpal (CMC) joints of the nondominant hand were more affected than those in the dominant hand. 9" This study undertook a detailed assessment of the distribution of osteophyte formation using microfocal radiography. The results were compared with reports on the pattern of force distribution in the hand. The advantages of high magnification and resolution offered by microfocal radiography'2 13 provide not only detail of x ray features approximating to histology'3 but also accurate quantitative evaluation'4 of the incidence, size, and distribution of osteophytes at the marginal and capsular sites of each joint in wrists and hands. Progression in the number and area of osteophytes was assessed and their distribution in the wrist and hand with time was studied.
Patients and methods Forty five patients were recruited, of whom 32 (three male, 29 female; mean age at first visit 62 (SD 10) years; mean disease duration 11-6 (SD 10) years) completed the full 18 months of the study. All had evidence of two of the three following features in the hands on conventional radiography: subchondral sclerosis, joint space narrowing, and osteophytes. Sixteen patients had interphalangeal nodes on entry, defined as one visible swelling on one joint plus three or more palpable swellings on other hand joints. By the end of the study 25 of the 32 patients had nodal osteoarthritis of the hands. All were carefully examined to exclude other forms of arthritis and all were seronegative for rheumatoid factor and had a normal erythrocyte sedimentation rate. They were allowed to continue taking their normal drugs. Patients were x rayed on entry and every six months for 18 months.
Stereopair macroradiographs (x 5) were prepared of the right and left wrists and hands of each patient. The hand was placed in a stereotactic unit positioned close to the source and displaced by 6 mm between each x ray exposure. ' The Wilcoxon test was used to compare the difference in number and area of osteophytes in the hand between the groups of joints (DIP, PIP, and MCP), between the separate phalangeal rays, and between individual joints. Within each joint the same test was applied to determine the difference in the number and area of osteophytes between those at the margin and capsular attachment, between the ulnar and radial sides, and between the proximal and distal sides of the joint. Osteophyte progression during the study was calculated from the change in mean osteophyte number and area at the separate regions as well as for the wrist and hand. The significance of any differences was calculated using the Wilcoxon matched pairs test.
Results
The first radiograph taken at the start of the study showed that osteophytes were present in fig 2) . The mean number and area of osteophytes in the hand and wrist was greater on the dominant than the non-dominant side (table 1) . In particular, their area was significantly greater in the DIP and PIP joints of the dominant hand. In the wrist there was no difference between the extremities apart from those on the bones of the first CMC joint. Here, the mean osteophyte area was larger, but not statistically significant, in the non-dominant hand (table 1) . Only at the trapezium of the non-dominant hand was the osteophyte area twice as large (14-4 (SD 27-2) mm2) and significantly different (p<0048) from that on the dominant hand.
Comparison of the extent of osteophyte formation in the separate horizontal groups of joints showed that their greater mean number and area occurred in the DIP joints, followed by the PIP and then MCP joints in a ratio for osteophyte area of about 3:2: 1 respectively. The difference between the three groups was significant (p<0-05) for both number and area, apart from osteophyte number between the DIP and PIP joints of the dominant hand.
Between the separate phalangeal rays the Osteophytes in the osteoarthritic hand6 Comparison between capsular and marginal osteophytes showed that the latter were significantly more prevalent and larger at all of the joints other than the third and fourth MCP joints (table 3) . The extent of osteophyte formation on the medial (ulnar) and lateral (radial) sides of the joint showed a more variable pattern. In general, the number and area of osteophytes tended to be greater on the medial side of the joints, and was significantly so at the second DIP joint, at all the PIP and the second and third MCP joints, and in area alone at the fourth MCP joint. The exception was the third DIP joint in which osteophyte area was significantly larger on the lateral (radial) side (table 4) . There was no significant difference between the proximal and distal parts of each joint. Osteophyte area, however, tended to be larger on the proximal side but only significantly so (p<0025) in a few joints of the hand-namely, the third and fourth DIP, fourth PIP, and all MCP joints.
Over the 18 month period of the study the number and area of osteophytes in the whole wrist and hand increased significantly (table 5) . The first CMC joint and the wrist separately showed no significant change. Significant increases in number were found in the DIP and PIP joints of dominant and non-dominant hands and the MCP joints of the non-dominant hand. The changes in area were even more significant in all the joint groups (DIP, PIP, and MCP) for both dominant and non-dominant hands. There was no significant difference in the pattern of osteophyte formation between the start and end of the study.
Discussion
The correspondence between osteophyte formation and the pattern of force distribution is seen here by the greater number and area of osteophytes in the dominant hand,W9" and on the lateral (radial) side of the hand.9 " Our findings showed that the number and area of osteophytes in the second and third phalangeal rays were twice that present in the fourth and fifth rays. This pattern was consistent with the forces associated with the tripod of finger action required in precision grip.192' Further, the greatest osteophyte formation occurred within the third phalangeal ray and at the second DIP joint, corresponding to the largest forces exerted across these joints during the actions of power and pulp pinch grip respectively.22 At progression. incidence, size, distribution, and
